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TITLE OF THE INVENTION 

ILLUMINANT, AND, ELECTRON BEAM DETECTOR, SCANNING ELECTRON 
MICROSCOPE AND MASS SPECTROSCOPE EACH INCLUDING THE SAME 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an illuminant , 

and, an electron beam detector, a scanning electron 
microscope and a mass spectroscope each including the same. 
Related Background Art 

10 [0002] Conventional electron beam detectors, at the 

time of measuring a high intensity electron beam, measure 
a current value caused by the electron beam to detect the 
electron beam. On the other hand, at the time of measuring 
an electron beam with a comparatively low intensity, the 

15 conventional electron beam detectors cannot successfully 

detect the electron beam because the electric charges caused 
by the electron beam is small . Thus, for example, anelectron 
beam detector used for a scanning electron microscope (SEM) 
collects secondary electrons generated on a sample surface 

20 due to electron beam irradiation onto the sample surface, 

irradiates the collected secondary electrons onto a 
fluorescent substance, and measures fluorescence generated 
on the fluorescent substance by a photomult iplier 
(photodetector ) . As such a fluorescent substance, various 

25 fluorescent substances shown in Fig. 1 are known. Among 

these fluorescent substances, as one example, a luminous 
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intensity (CL-intensity) due to electron beam irradiation 
of P47 is shown in Fig. 2. In the Fig. 2, the horizontal 
axis shows the wavelength (nm) , the vertical axis shows the 
CL-intensity (in arbitrary units) , and the peak wavelength 
5 of the CL-intensity of the P47 fluorescent substance is 

approximately 4 3 0nm. 

[0003] Recently, in the field of scanning electron 

microscopes andmass spectroscopes, a fluorescent substance 
having a high luminous intensity and a high response speed 

10 has been demanded. Because, for example, in scanning 

electron microscopes, a higher response speed of the 
fluorescent substance makes it possible to increase the 
scanning speed and improves performance of the device. 
SUMMARY OF THE INVENTION 

15 [0004] The inventors found the following problems as 

a result of consideration of the abovementioned prior arts. 
[0005] Namely, in the conventional fluorescent 

substances shown in Fig. 1, it is difficult to obtain a 
sufficient high response speed (on the order of microseconds ) 

20 for adaptation to scanning electron microscopes and mass 

spectroscopes. Furthermore, among the few fluorescent 
substances that can realize sufficient response speeds, a 
GaAsP illuminant is not suitable for scanning electron 
microscopes since its luminous intensity is low. 

25 [0006] The invention was carried out in order to solve 

the above-mentioned problems, and an object thereof is to 
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provide an illuminant with a high response speed and a high 
luminous intensity and to provide an electron beam detector, 
a scanning electron microscope, and a mass spectroscope, 
to which the illuminant is applied, respectively. 
5 [0007] An illuminant according to the present 

invention is an emission source which converts incident 
electrons into fluorescence, and comprises at least a 
substrate and a nitride semiconductor layer. The substrate 
is comprised of a material that is transparent with respect 

10 to fluorescence. The nitride semiconductor layer is 

provided on one surface of the substrate, and preferably, 
has a quantum well structure that emits fluorescence in 
response to electron incidence. The quantum well structure 
is constructed by alternately laminating a plurality of 

15 barrier layers and a plurality of well layers. 

[0008] In the illuminant, when the nitride 

semiconductor layer provided on one surface of the substrate 
emits fluorescence in response to electron incidence, at 
least part of the fluorescence passes through the substrate 

20 and then exits from the other surface of the substrate. The 

fluorescence is generated due to incidence of electrons onto 
the quantum well structure of the nitride semiconductor layer 
and recombination of pairs of electrons and holes generated 
due to electron incidence. The response speed is equal to 

25 or less than the order of microseconds. The luminous 

intensity of the fluorescence reaches an intensity at the 
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same level as that of the conventional P47 fluorescent 
substance. Namely, the illuminant has a response speed and 
a luminous intensity that are sufficient for adaptation for 
scanning electron microscopes and mass spectroscopes. 
5 [0009] The well width (thickness of the well layer) 

of the abovementioned quantum well structure is preferably 
4nm or less. In this case, an illuminant which emits 
fluorescence with a desired luminous intensity or higher 
can be obtained. 

10 [0010] An electron beam detector according to the 

present invention comprises an illuminant having the 
above-mentioned structure and a photodetector . The 
photodetector has a sensitivity for fluorescence emitted 
from the illuminant. 

15 [0011] In the electron beam detector, electron beam 

measurement is carried out by guiding fluorescence from the 
illuminant to the light entrance surface of the photodetector . 
Namely, electron beam measurement is carried out by means 
of fluorescence with a necessary and sufficient response 

20 speed and luminous intensity. Also, by applying the 

electron beam detector to a scanning electron microscope 
and a mass spectroscope, performance of these scopes can 
be improved . 

[0012] The present invention will be more fully 

25 understood from the detailed description given hereinbelow 

and the accompanying drawings, which are given by way of 
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illustration only and are not to be considered as limiting 
the present invention. 

[0013] Further scope of applicability of the present 

invention will become apparent from the detailed description 
5 given hereinafter. However, it should be understood that 

the detailed description and specific examples, while 
indicating preferred embodiments of the invention, are given 
by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention 
10 will be apparent to those skilled in the art from this detailed 

description . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig. 1 is a table showing characteristics of 

the conventional fluorescent substances; 

15 [0015] Fig. 2 is a graph showing luminous 

characteristics of the P47 fluorescent substance; 
[0016] Fig. 3A and Fig. 3B are a sectional view showing 

the construction of an embodiment of the illuminant according 
to the present invention, and a sectional view showing the 

20 quantum well structure of the nitride semiconductor layer, 

respectively; 

[0017] Fig. 4 is a graph showing response 

characteristics of an illuminant having a quantum well 
structure of InGaN/GaN; 
25 [0018] Fig. 5A and Fig. 5B are graphs showing luminous 

characteristics of an illuminant of Sample 1 as a detailed 
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example of the illuminant according to the present invention; 
[0019] Fig. 6A and Fig. 6B are graphs showing luminous 

characteristics of an illuminant of Sample 2 as a detailed 
example of the illuminant according to thepresent invention; 
5 [0020] Fig. 7A and Fig. 7B are graphs showing luminous 

characteristics of an illuminant of Sample 3 as a detailed 
example of the illuminant according to thepresent invention; 
[0021] Fig. 8A and Fig. 8B are graphs showing luminous 

characteristics of an illuminant of Sample 4 as a detailed 

10 example of the illuminant according to thepresent invention; 

[0022] Fig. 9A and Fig. 9B are graphs showing luminous 

characteristics of an illuminant of Sample 5 as a detailed 
example of the illuminant according to thepresent invention; 
[0023] Fig. lOAandFig. 1 0B are graphs showing luminous 

15 characteristics of an illuminant of Sample 6 as a detailed 

exampleof the illuminant according to thepresent invention; 
[0024] Fig. HAandFig. 1 IB are graphs showing luminous 

characteristics of an illuminant of Comparative Example 1; 
[0025] Fig. 12AandFig. 1 2B are graphs showing luminous 

20 characteristics of an illuminant of Comparative Example 2; 

[0026] Fig. 13AandFig. 1 3B are graphs showing luminous 

characteristics of an illuminant of Comparative Example 3; 
[0027] Fig. 14AandFig. 1 4B are graphs showing luminous 

characteristics of an illuminant of Comparative Example 4; 

25 [0028] Fig. 15AandFig. 15B are graphs showing luminous 

characteristics of an illuminant of Comparative Example 5; 
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[0029] Fig. 16AandFig. 1 6B are graphs showing luminous 

characteristics of an illuminant of Comparative Example 6; 

[0030] Fig. 17 is a table that summarizes the 

specifications of the respective illuminants of Samples 1 
5 through 6 and illuminants of Comparative Examples 1 through 

6; 

[0031] Fig. 18 is a graph comparing the luminous 

intensities of the illuminant having the quantum well 
structure of InGaN/GaN and the conventional illuminants; 

10 [0032] Fig. 19 is a graph showing the relationship 

between the well width and the luminous intensity of the 
illuminant having the quantum well structure of InGaN/GaN; 
[0033] Fig. 20isat able which summarizes transmission 

wavelengths (nm) and energy band gaps (eV) of various 

15 substrate materials; 

[0034] Fig. 21 is a sectional view showing the 

construction of an embodiment of the electron beam detector 
according to the present invention; 

[0035] Fig. 22 is a diagram showing the construction 

20 of a scanning electron microscope in which the electron beam 

detector shown in Fig. 21 has been applied ( scanning electron 
microscope according to the present invention) ; and 
[0036] Fig. 23 is a diagram showing the construction 

of a mass spectroscope in which the electron beam detector 
25 shown in Fig. 21 has been applied (mass spectroscope 

according to the present invention) . 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

[0037] Hereinafter, respective embodiments of the 

illuminant, electron beam detector, scanning electron 
microscope, and mass spectroscope according to the present 
5 invention will be explained in detail with reference to Figs . 

3A-3B, 4, 5A-16B, and 17-23. In the description of the 
drawings, the same or equivalent elements are attached with 
the same symbol, and overlapping description is omitted. 
[0038] Fig. 3A is a sectional view showing the 

10 construction of an embodiment of the illuminant according 

to the present invention, and Fig. 3B is a sectional view 
showing the quantum well structure at the nitride 
semiconductor layer. As shown in Fig. 3A, the illuminant 
10 comprises a substrate 12 and a nitride semiconductor layer 

15 14 provided on a substrate surface 12a. The substrate 12 

is made of sapphire through which light of a wavelength of 
170nm or more can pass. The nitride semiconductor layer 
14 has a triple-layer structure in this embodiment, that 
is, in order from the substrate 12 side to the top layer 

20 side, an In x Ga!_ x N (0 < x < 1) buffer layer 14A, a GaN layer 

14B doped with Si, a quantum well structure layer 14C of 
InGaN/GaN are laminated. The quantum well structure layer 
14C of InGaN/GaN, as shown in Fig. 3B, has a quantum well 
structure formed by alternately laminating InGaN barrier 

25 layers 141 and GaN well layers 142 with a thickness W (well 

width) . The quantum well structure layer emits 
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fluorescence with a wavelength of approximately 415nm when 
an electron beam is irradiated. Namely, when an electron 
beam is made incident so as to reach the quantum well structure, 
pairs of electrons and holes are formed within the quantum 
5 well structure, and during the process of recombination of 

these within the quantum well structure, fluorescence is 
emitted. 

[0039] Then, at least a part of the emitted fluorescence 

(having a wavelength longer than 170nm) passes through the 

10 substrate 12 and then made to exit from the reversed surface 

12b (substrate rear surface) of the substrate surface 12a. 
In this specification, "quantum well structure" includes 
quantum wire structures and quantum dot structures in 
addition to general quantum well structures as shown in Fig. 

15 3B. Also, in this specification, "nitride semiconductor" 

means a compound that contains at least one of Ga, In, and 
Al as a Group III element and contains N as a principal Group 
V element. 

[0040] Next, the quantum well structure layer 14C of 

20 the nitride semiconductor layer 14 will be explained. 

[0041] First, the response characteristics of the 

quantum well structure layer 14C of InGaN/GaN will be 
explained. Fig. 4 is a graph showing the response 
characteristics of an illuminant having the quantum well 
25 structure of InGaN/GaN. In Fig. 4, the graph G410 shows 

the response characteristics of the illuminant having the 

9 



FP03-0262-00 



quantum well structure of InGaN/GaN, and the graph G42 0 shows 
the response characteristics of a conventional GaN 
illuminant having a bulk structure as a comparative example . 
Furthermore, in Fig. 4, the horizontal axis shows time (|isec) 
5 and the vertical axis shows the response output ( in arbitrary 

units) when a pulsed electron beam is made incident in the 
vicinity of time 0. As can be seen in Fig. 4, the response 
speed SI (width of inclination of the graph G410) of the 
illuminant having the quantum well structure of InGaN/GaN 
10 is on the order of nanoseconds, and the response speed S2 

(width of inclination of the graph G420) of the GaN illuminant 
having the bulk structure is on the order of 
ten-microseconds . 

[0042] Next, the luminous characteristics of the 

15 quantum well structure layer 14C of InGaN/GaN will be 

explained. The inventors have measured the cathode 
luminescence (CL) intensity and the photoluminescence (PL) 
intensity in order to investigate the luminous 
characteristics of the quantum well structure of InGaN/GaN. 
20 Hereinafter, the measurement experiment will be explained. 

[0043] (Sample 1) 

A method of manufacturing the illuminant 10 to be used 
for the measurement experiment will be explained. First, 
a sapphire substrate 12 is led into a growth chamber of a 
25 metalorganic chemical vapor deposition (MOCVD) system, and 

in the hydrogen atmosphere, the sapphire substrate surface 
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12a is cleaned by being subjected to heat treatment at 1050°C 
for 5 minutes. Then, after the substrate temperature is 

lowered to 475°C, an InGaN buffer layer 14A is deposited 
to be 25nm on the substrate 12. Thereafter, the substrate 
5 temperature is increased to 1075°C and a GaN layer 14B is 

made to grow to be 2 . 5|im on the substrate 12 . Subsequently, 
the substrate temperature is decreased to 800°C, whereby 
a quantum well structure layer 14C of In x Gai_ x N (x = 0.13) 
is formed. The well width W of the quantum well structure 

10 layer 14C of In x Gai_ x N is 4nm, the thickness of the barrier 

layer is lOnm, and the number of wells is 11 . The well layer 
142 and the barrier layer 141 are doped with Si of 1.8 x 
10 18 cm" 3 . Furthermore, the number of wells is not limited 
to 11, and may be properly adjusted according to the 

15 acceleration voltage of the incident electron beam. Here, 

the thickness of the barrier layer 141 is not limited to 
lOnm, and may be any thickness as long as it can sufficiently 
confine electrons within the well layer 142. 
[0044] In the Sample 1, trimethylgallium 

20 (Ga (CH 3 ) 3 : TMGa) was used as the Ga source, tr imethylindium 

( In (CH 3 ) 3 : TMIn) was used as the In source, and monosilane 
(SiH4) was used as the Si source, however, other organic 
metal materials (for example, triethylgallium 
(Ga (C 2 H 5 ) 3 : TEGa) , tr iethylindium (In (C 2 H 5 ) 3 : TEIn) , andother 

25 hydrides (for example, disilane (Si 2 H 4 ), etc.) may be used. 

[0045] As a detailed example of the illuminant 10 
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manufactured as described above, the results of measurement 
of the cathode luminescence (CL) intensity and 
photoluminescence (PL) intensity of Sample 1 are shown in 
Fig. SAandFig. 5B . For themeasurement of the PL-intensity, 
5 He-Cd light was used as pumping light. 

[0046] Here, in manufacturing of the illuminant of 

Sample 1, a metalorganic chemical vapor deposition system 
was used, however, a hydride vapor phase epitaxy (HVPE) 
system or a molecular beam epitaxy (MBE) system may be used . 

10 Each growth temperature depends on the system used for the 

test, so that the growth temperatures are not limited to 
the above-mentioned temperatures of Sample 1. Although 
InGaN was applied as the buffer layer 14A, the buffer layer 
14A can be properly selected among nitride semiconductor 

15 materials that contain at least one or more of In, Al, and 

Ga as a Group III element and contain N as a principal Group 
V element. 

[0047] The thickness of each layer and the Si-dopant 

amount are not limited to the above-mentioned amounts, 

20 however, the above-mentioned amounts are preferable. As 

the buffer layer 14 A, the GaN layer 14B was laminated, however, 
other than the GaN layer, a Group III element can be selected 
among nitride semiconductors that contain at least one or 
more of In, Al, and Ga as a Group III element, contain N 

25 as a principal Group V element, and has an energy band gap 

that becomes transparent with respect to the emission 
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wavelength of the quantum well structure 14C. Further, Si 
was doped in the GaN layer 14B and the quantum well structure 
14C of InGaN/GaN, however, it is not limited to Si, and a 
different impurity (for example, Mg) may be doped, or no 
5 impurity may be doped as appropriate. 

[0048] (Sample 2) 

Fig. 6A and Fig. 6B are graphs showing the luminous 
characteristics of an illuminant of Sample 2 as a detailed 
example of the illuminant according to the present invention. 

10 In detail, Fig. 6A shows the CL-intensity of Sample 2, and 

Fig. 6B shows the PL-intensity of Sample 2. 
[0049] The Sample 2 is an illuminant which is obtained 

by changing the well width of the quantum well structure 
layer of InGaN/GaN in the Sample 1 to 2nm. Other points 

15 in the construction are the same as those of the illuminant 

of Sample 1 . 
[0050] (Sample 3) 

Fig. 7A and Fig. 7B are graphs showing the luminous 
characteristics of an illuminant of Sample 3 as a detailed 

20 example of the illuminant according to the present invention . 

In detail, Fig. 7A shows the CL-intensity of Sample 3, and 
Fig. 7B shows the PL-intensity of Sample 3. 
[0051] The Sample 3 is an illuminant obtained by 

changing the well width of the quantum well structure of 

25 InGaN/GaN of the Sample 1 to 6nm. Other points in the 

construction are the same as those of the illuminant of Sample 
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1 . 

[0052] (Sample 4) 

Fig. 8A and Fig. 8B are graphs showing the luminous 
characteristics of an illuminant of Sample 4 as a detailed 
example of the illuminant according to the present invention. 
In detail, Fig. 8A shows the CL-intensity of Sample 4, and 
Fig. 8B shows the PL-intensity of Sample 4. 

[0053] The Sample 4 is an illuminant obtained by 

changing the In-composition (x) in the Sample 1 to 0.07. 
Other points in the construction are the same as those of 
the illuminant of Sample 1. 
[0054] (Sample 5) 

Fig. 9A and Fig. 9B are graphs showing the luminous 
characteristics of an illuminant of Sample 5 as a detailed 
example of the illuminant according to the present invention. 
In detail, Fig. 9A shows the CL-intensity of Sample 5 and 
Fig. 9B shows the PL-intensity of Sample 5. 
[0055] The Sample 5 is an illuminant obtained by 

changing the In-composition (x) in the Sample 1 to 0.10. 
Other points in the construction are the same as those of 
the illuminant of Sample 1. 
[0056] (Sample 6) 

Fig. 10A and Fig. 10B are graphs showing the luminous 
characteristics of an illuminant of Sample 6 as a detailed 
example of the illuminant according to thepresent invention. 
In detail, Fig. 10A shows the CL-intensity of Sample 6, and 
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Fig. 10B shows the PL-intensity of Sample 6. 
[0057] The Sample 6 is an illuminant obtained by 

changing the In-composit ion (x) in the Sample 1 to 0.14. 
Other points in the construction are the same as those of 
5 the illuminant of Sample 1. 

[0058] Next, comparative examples for comparison with 

the Samples 1 through 6 will be explained. 
[0059] (Comparative Example 1) 

Fig. 11A and Fig. 11B are graphs showing the luminous 
10 characteristics of an illuminant of Comparative Example 1. 

In detail, Fig. 11A shows the CL-intensity of Comparative 
Example 1, and Fig. 11B shows the PL-intensity of Comparative 
Example 1. 

[0060] The Comparative Example 1 is an illuminant in 

15 which the quantum well structure layer 14C in the Sample 

1 is not provided, and Si is not doped into the GaN layer 
14B. 

[0061] (Comparative Example 2) 

Fig. 12A and Fig. 12B are graphs showing the luminous 
20 characteristics of an illuminant of Comparative Example 2. 

In detail, Fig. 12A shows the CL-intensity of Comparative 
Example 2, and Fig. 12B shows the PL-intensity of Comparative 
Example 2. 

[0062] Comparative Example 2 is an illuminant in which 

25 the quantum well structure layer 14C in the Sample 1 is not 

provided, and Si of 1.4 x 10 17 cm" 3 has been doped into the 
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GaN layer 14B. 

[0063] (Comparative Example 3) 

Fig. 13A and Fig. 13B are graphs showing the luminous 
characteristics of an illuminant of Comparative Example 3. 
5 In detail, Fig. 13A shows the CL-intensity of Comparative 

Example 3, and Fig. 13b shows the PL-intensity of Comparative 
Example 3. 

[0064] The Comparative Example 3 is an illuminant 

obtained by changing the Si-dopant amount in the Comparative 
10 Example 2 to 2 . 8 x 10 17 cm" 3 . 

[0065] (Comparative Example 4) 

Fig. 14A and Fig. 14B are graphs showing the luminous 
characteristics of an illuminant of Comparative Example 4. 
In detail, Fig. 14A shows the CL-intensity of Comparative 
15 Example 4, and Fig. 14B shows the PL-intensity of Comparative 

Example 4 . 

[00 66] The Comparative Example 4 is an illuminant 

obtained by changing the Si-dopant amount in the Comparative 

Example 2 to 1 . 4 x 10 18 cm" 3 . 
20 [0067] (Comparative Example 5) 

Fig. 15A and Fig. 15B are graphs showing the luminous 

characteristics of an illuminant of Comparative Example 5. 

In detail, Fig. 15A shows the CL-intensity of Comparative 

Example 5, and Fig. 15B shows the PL-intensity of Comparative 
25 Example 5. 

[0068] The Comparative Example 5 is an illuminant 
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obtained by changing the Si-dopant amount in the Comparative 
Example 2 to 2 . 8 x 10 18 cm" 3 . 
[0069] (Comparative Example 6) 

Fig. 16A and Fig. 1 6B are graphs showing the luminous 
5 characteristics of an illuminant of Comparative Example 6. 

In detail, Fig. 16A shows the CL-intensity of Comparative 
Example 6, and Fig. 16B shows the PL-intensity of Comparative 
Example 6. 

The Comparative Example 6 is an illuminant obtained 
10 by changing the Si-dopant amount in the Comparative Example 

2 to 6.8 x 10 18 cm" 3 . 

[0070] Here, in all graphs shown in Figs. 5A through 

16A, the horizontal axis shows the luminous wavelength (nm) , 
and the vertical axis shows the CL-intensity (in arbitrary 

15 units) . In all graphs shown in Figs. 5B through 16B, the 

horizontal axis shows the luminous wavelength (nm) , and the 
vertical axis shows the PL-intensity (in arbitrary units) . 
Furthermore, Fig. 17 is a table which summarizes the 
specifications of the illuminants of the Samples 1 through 

20 6 and the illuminants of the Comparative Examples 1 through 

6. 

[0071] From the above measurement results, it can be 

understood that, in the illuminants (Sample 1 through 6) 
having the quantum well structure of InGaN/GaN, band-to-band 
25 emission is dominant in regard to the CL-intensity (see Figs . 

5A through 10A) . It can be also understood that, in the 
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conventional GaN illuminants (Comparative Examples 1 
through 6) , although band-to-band emission increases as the 
Si-dopant amount increases, deep-level emission (emission 
through the level within the band gap) is dominant even after 
5 Si of 6.8 x 10 18 cm" 3 is doped (see Figs. 11A through 1 6A) . 

[0072] Namely, the reason for an increase in response 

speed of the illuminant having the InGaN/GaN quantum well 
structure as described above is that band-to-band emission 
is dominant, and it is considered that the response speed 

10 of the conventional GaN illuminant having a bulk structure 

is low since deep-level emission is dominant. 
[0073] Furthermore, the inventors have measured the 

luminous intensity of fluorescence emitted from the 
illuminant having the quantum well structure of InGaN/GaN, 

15 and have compared it with the luminous intensities (in 

arbitrary units) of the conventional illuminants (see Fig. 
18) . In Fig. 18, the symbol shows the luminous intensity 

of a P47 illuminant, the symbol shows the luminous 

intensity of a GaAsP illuminant, the symbol w x" shows the 

20 luminous intensity of a GaN illuminant, and the symbol 

shows the luminous intensity of an illuminant having an InGaN 
quantum well structure. From Fig. 18, it can be understood 
that the luminous intensity of the illuminant having the 
InGaN/GaN quantum well structure (average: approximately 

25 7.20 x 10 12 ) is considerably higher than the luminous 

intensity of the GaN illuminant having a bulk structure 
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(average: approximately 4.81 x 10 12 ) , and is at the same 
level as the luminous intensity of the P47 illuminant having 
a high luminous intensity. Also, it can be understood that 
the illuminant having the quantum well structure of InGaN/GaN 
has a luminous intensity that is 100 times the luminous 
intensity (9.8 x 10 10 ) of the GaAsP illuminant that obtains 
sufficient response characteristics . 

[0074] Additionally, from the measurement results 

(Figs. 5B through 16B) , it can be understood that, in regard 
to the PL-intensity, band-to-band emission is dominant in 
both the illuminants (Sample 1 through 6) having the quantum 
well structure of InGaN/GaN and the conventional GaN 
illuminants (Comparative Examples 1 through 6) having a bulk 
structure. Thus, in the conventional GaN illuminants 
having a bulk structure, deep-level emission becomes 
dominant in CL, and band-to-band emission becomes dominant 
in PL. The reason for these is considered to be that the 
pumping density of PL (carrier density generated per unit 
area) is 4 or 5 digits larger than the pumping density of 
CL, whereby deep-level carriers become saturated in PL and 
band-to-band emission becomes dominant. 

[0075] Dependency of the luminous intensity of the 

illuminant having the quantum well structure on the Si-dopant 
amount could not be confirmed. 

[0076] As described above, as a result of diligent study, 

the inventors have found that an illuminant having the 
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quantum well structureof InGaN/GaN realized a response speed 
that was higher than that of conventional GaN substrates 
having a bulk structure. They have also found that the 
luminous intensity of the illuminant having the quantum well 
structure of InGaN/GaN was higher than or equivalent to the 
luminous intensities of conventional GaN illuminants or P47 
illuminants having a bulk structure. Both the response 
speed and luminous intensity of the illuminant having the 
quantum well structure of InGaN/GaN are sufficient for use 
in scanning electron microscopes or mass spectroscopes. 
Namely, the illuminant 10 including the nitride 
semiconductor layer 14 having the quantum well structure 
layer 14C of InGaN/GaN is more suitable than the conventional 
fluorescent substances as an illuminant to be applied to 
scanning electron microscopes and mass spectroscopes. 
[0077] Here, in the quantum well structure of InGaN/GaN 

of the nitride semiconductor layer 14, it is preferable that 
the well width W of the quantum wells is 4nm or less . Herein, 
the relationship between the well width W and the 
CL-intensity of the quantum well structure of InGaN/GaN of 
the nitride semiconductor layer 14 is shown in Fig. 19. In 
Fig. 19, the horizontal axis shows the well width W (nm) , 
and the vertical axis shows the luminous intensity (in 
arbitrary units) when an electron beam with a predetermined 
intensity is irradiated. From Fig. 19, it can be understood 
that although the luminous intensity is lower than 1 x 10 12 
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in the case where the well width W is 6nm, the luminous 
intensity becomes equal to or higher than 1 x 10 12 in all 
cases where the well width W is 4nm or less. Namely, by 
limiting the well width W of the quantum well structure to 
5 4nm or less, the luminous intensity can be increased to 1 

x 10 12 or higher, whereby fluorescence appropriate for 
practical use can be obtained from the illuminant 10. 
[0078] Also, as the combination of materials of the 

substrate 12 and the quantum well structure layer 14C, other 

10 thansapphire and the InGaN/GaN quantum well structure, other 

various combinations can be used, and the combinations are 
described as follows. Fig. 20 is a table showing the 
transmission wavelengths (nm) and the energy band gaps (eV) 
of various substrate materials. 

15 [0079] The materials shown in Fig. 20 have 

comparatively short transmission wavelengths, and include 
a material that transmits any light within the visible light 
range (for example, A1N) . 

[0080] Thematerial of the quantum well structure layer 

20 14C can be properly selected among nitride semiconductors 

having quantum well structures composed of In x Al y Gai- x _ y N (x 
< 1, y < 1, x + y < 1) and In a Al b Gai_ a _ b N (a < 1, b < 1, a 
+ b < 1) . Therefore, other than the above quantum well 
structure layer 14C (the combination of InGaN/GaN) , for 
25 example, the combination of InGaN/AlGaN, InGaN/InGaN, or 

GaN/AlGaN is also possible. 
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[ 0081 ] In the above combinations of the substrate 

material and the quantum well structure layer material, it 
is necessary that the wavelength of fluorescence emitted 
from the quantum well structure layer 14C is longer than 
5 the transmission wavelength of the substrate 12. Namely, 

by selecting a substrate material having a transmission 
wavelength shorter than the wavelength of fluorescence 
emitted from the quantum well structure layer 14C or by 
selecting a material of a quantum well structure layer 14C 

10 which emits fluorescence with a wavelength longer than the 

transmission wavelength of the substrate 12, fluorescence 
is emitted from the substrate rear surface 12b. 
[0082] Next, the electron beam detector 20 in which 

the illuminant 10 has been applied (electron beam detector 

15 according to the present invention) will be explained. 

[0083] Fig. 21 is a sectional view showing the 

construction of an embodiment of the electron beam detector 
according to the present invention. In the electron beam 
detector 20, the illuminant 10 that converts incident 

20 electrons into fluorescence and the light entrance surface 

I are optically combined via an optical member (optical guide 
member) 22. In the electronbeam detector 20, the illuminant 
10 and the photodetector 30 are physically connected via 
the optical member 22 and integrated. In greater detail, 

25 the optical member 22 made from a fluorescence-permeable 

material is affixed to the light entrance surface I, and 
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the illuminant 10 is attached to the optical member 22 . The 
optical member 22 is a light guide such as a fiber optic 
plate (FOP), etc., and other than this, it may be a lens 
that condenses fluorescence emitted from the illuminant 10 
to the light entrance surface I. 

[0084] Between the optical member 22 and the 

photodetector 30, a fluorescence-permeable adhesive layer 

(adhesive: resin) AD2 is interpolated, and the relative 
positions of the optical member 22 and the photodetector 
10 are fixed by the adhesive layer AD2 . 

[0085] The optical member 22 is a glass plate, an SiN 

layer ADa and an Si0 2 layer ADb are formed on the substrate 
rear surface 12b of the illuminant 10, and the Si0 2 layer 
ADb and the glass plate of the optical member 22 are 
fusion-bonded each other . Both the Si0 2 layer ADb and glass 
plate are made from silicon oxide, so that they are 
fusion-bonded each other by being heated. The Si0 2 layer 
ADb is formed on the SiN layer ADa by using sputtering, and 
the bonding strength between these is also great. 
[0086] The SiN layer ADa is also formed on the surface 

of the illuminant 10 by sputtering, and the bonding strength 
between these is also high, and as a result, the adhesive 
layer AD1 affixes the illuminant 10 to the optical member 
22 . Also, the SiN layer ADa also serves as an antiref lection 
film, and the SiN layer ADa suppresses reflection of 
fluorescence generated inside the illuminant 10 in 
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accordance with incidence of an electron beam toward the 
illuminant 10. General refractive indexes of the 
respective adhesive layers AD1 and AD2 are 1.5. 
[00 87] In the electron beam detector 2 0 thus structured, 

5 fluorescence generated inside the illuminant 10 in 

accordance with the incidence of an electron beam is made 
incident on the optical member 2 via the adhesive layer AD1 
made from a fluorescence-permeable material, successively 
passes through the optical member 2 and the adhesive layer 
10 AD2, and reaches the plane of light incidence I of the 

photodetector 30. 

[0088] The photodetector 30 shown in Fig. 21 is a 

photomultiplier . The photodetector 30 comprises a metal 
tube 30a, a light entrance window (surface plate) 30b for 

15 closing the opening at the top of the tube 30a, and a vacuum 

vessel formed of a stem plate 30c for closing the opening 
at the bottom of the tube 30a. Inside the vacuum vessel, 
a photocathode 30d formed on the inner surface of the light 
entrance window 30b, an electron multiplier section 30e, 

20 and an anode A are arranged. 

[0089] The light entrance surface I corresponds to the 

outside surface of the light entrance window 30b, and 
fluorescence that has been made incident on the light 
entrance surface I passes through the light entrance window 

25 30b and made incident on the photocathode 30d, and the 

photocathode 30d emits photoelectrons toward the inside of 
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the vacuum vessel in response to fluorescent incidence 
(photoelectric conversion) . The electrons are multiplied 
by the electron multiplier section 30e that is formed of 
a micro channel plate or a mesh dynode, and collected at 

5 the anode A. 

[0090] The electrons collected at the anode A are 

extracted to the outside of the photodetector 30 via pins 
30p that penetrate the stem plate 30c. The number of pins 
30p is plural, and a predetermined potential is applied to 

0 the electron multiplier section 30e via each pin 30p. 

Furthermore, the electrical potential of the metal bypass 
30a is 0V, and the photocathode 30d is electrically connected 
to the tube 30a. 

[0091] The abovementioned electron beam detector 20 

3 is applicable to a scanning electron microscope (SEM) and 

a mass spectroscope. 

[0092] Fig. 22 shows the construction of the major 

portion of a scanning electron microscope according to the 
present invention. The scanning electron microscope 
) comprises the electron beam detector 20. When the surface 

of a sample SM is scanned while irradiating the sample SM 
with an electron beam el, secondary electrons are emitted 
from the surface of the sample SM, and are guided to the 
electron beam detector 20 as an electron beam e2 . At the 
electron beam detector 20, an electrical signal is outputted 
from the pins 30p in accordance with incidence of the electron 
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beam e2 . 

[0093] Namely, the scanning electron microscope 

comprises at least the illuminant 10 of the electron beam 
detector 20 inside a vacuum chamber 50. In the scanning 
5 electron microscope, secondary electrons are generated from 

the sample SM by scanning the surface of the sample SM set 
inside the vacuum chamber 50 with the electron beam el, and 
the secondary electrons are guided to the electron beam 
detector 20. Namely, the scanning electron microscope is 
10 a device which images the sample SM by synchronizing the 

scanning position of the electron beam el and the output 
of the electron beam detector 20. In the scanning electron 
microscope in which the electron microscope 20 has been 
applied, the response speed of the illuminant 10 of the 
15 electronbeam detector 20 is high on the order of nanoseconds, 

so that it is possible to significantly improve the scanning 
speed. 

[0094] Fig. 23 shows the construction of the major 

portion of a mass spectroscope according to the present 
20 invention. 

[0095] The mass spectroscope comprises the electron 

beam detector 20. When an appropriate potential is applied 
to an aperture AP and a negative potential is applied to 
a first dynode DY1 positioned at the opposite side of a 
25 separating section AZ with respect to the aperture AP, 

cations positioned inside the separating section AZ pass 
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10 



through the aperture AP and collide with the first dynode 
DY1. In accordance with this collision, secondary 
electrons are emitted from the surface of the first dynode 
DY1, and guided as an electron beam e3 to the electron beam 
detector 20. 

[0096] A positive potential is applied to a second 

dynode DY2, and in a case where negative ions are extracted 
from the separating section AZ, the negative ions collide 
with the second dynode DY2 . In accordance with this 
collision, secondary electrons are emitted from the surface 
of the second dynode DY2, and the secondary electrons are 
guided as an electron beam e3 to the electron beam detector 
20. In accordance with incidence of the electron beam e3, 
an electrical signal is outputted from the pins 30p. 
15 [0097] There are various types of mass spectroscopes, 

and all of them temporally or spatially separate ions by 
mass . 

[0098] When it is assumed that the separating section 

AZ is a fly tube, the time for an ion to pass through the 

20 inside of the fly tube differs depending on the mass of the 

ion, and as a result, the time to reach the dynode DY1 or 
DY2 differs. Therefore, by monitoring the temporal changes 
in current value outputted from the pins 30p, the mass of 
each ion is detected. Namely, the current value shows the 

25 ion amounts for respective masses all the time. 

[0099] When it is assumed that the separating section 
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AZ changes the flying orbit of each ion by means of magnetic 
fields in accordance with the ionmass, ions that pass through 
the aperture AP differ by mass. Therefore, by monitoring 
the temporal changes in current value outputted from the 
5 pins 30p, themasses of respective ions are detected. Namely, 

by sweeping the magnetic flux density or by scanning the 
position of the aperture AP, the current value thereof shows 
the ion amounts for respective masses all the time. 
[0100] As mentioned above, the above mass spectroscope 

10 comprises the vacuum chamber 50 in which at least a compound 

semiconductor substrate 1 in the electron beam detector 20 
is disposed, the separating section AZ that spatially or 
temporally separates ions generated from the sample inside 
the vacuum chamber 50 in accordance with their masses, and 
15 the dynodes DY1 and DY2 to be irradiated with the ions 

separated at the separating section AZ . Secondary 
electrons e3 generated from the dynodes DY1 and DY2 in 
accordance with incidence of ions to the dynodes DY1 and 
DY2 are guided to the electron beam detector 20, and based 
on the output of the electron beam detector 20, mass 
spectroscopy of the sample is carried out. Thus, in a mass 
spectroscope in which the electron beam detector 20 has been 
applied, since the response speed of the illuminant 10 in 
the electron beam detector 20 is high on the order of 
25 nanoseconds, it is possible to significantly improve the 

mass resolution. 
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[0101] Furthermore, the present invention is not 

limited to the abovementioned embodiments, and may be 
variously altered. For example, the nitride semiconductor 
layer 14 may have the quantum well structure partially or 
5 have the quantum well structure entirely. In addition, the 

photodetector 30 maybe, for example, an avalanche photodiode 
(APD) in place of the photomultiplier .. Also, the shape of 
the optical member is not limited to the linear shape, and 
may be a rounded form, and the size may also be changeable 
10 suitably. 

[0102] As described above, in accordance with the 

invention, an illuminant that realizes a high response speed 
and a high luminous intensity and is applicable to 
electronics devices such as electron beam detectors, 
scanning electron microscopes and mass spectroscopes. 
[0103] From the invention thus described, it will be 

obvious that the embodiments of the invention may be varied 
in many ways. Such variations are not to be regarded as 
a departure from the spirit and scope of the invention, and 
all such modifications as would be obvious to one skilled 
in the art are intended for inclusion within the scope of 
the following claims. 
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